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A. Breting, indianapolis, Ind., assignors to General 
Motors Corporation, Detroit, Mich., a corporation of 
Delaware 

Filed May 8, 1955, Ser. No. 5G9,298 
25 CiainEas. (C. 74-732) 

This invention relates to a multiple drive ratio trans 
mission and more particularly a multiple drive ratio 
planetary transmission and the remote controls for operat 
ing the transmission to effect various drive ratios. 
The transmission provides a wide range of ratio vari 

ation by employing in combination, a hydrodynamic 
torque converter, a forward and reverse gear unit and a 
three speed or ratio gear unit. Since the converter is 
always in the drive train, the three speed gear unit may 
have rather large drive ratio change steps and thus pro 
vide in the overall a large change in ratio. It is contem 
plated that the three speed transmission unit would initi 
ally be placed in the first or low drive ratio by manual 
actuation of the selector valve and thereafter the forward 
and reverse valve will be manually moved from neutral 
to either forward or reverse position to place the forward 
and reverse gearing in either forward or reverse drive. 
In this way the transmission provides three ratios in either 
forward or reverse drive. The forward and reverse drive 
gearing provides a reduction gear ratio in the forward 
range and a larger reduction gear ratio in the reverse 
range. Thus in combination with the reduction forward 
and reverse gearing, a three speed overdrive unit having 
a low ratio provided by a one-to-one direct drive and an 
intermediate ratio provided by an intermediate dual plane 
tary overdrive and a high ratio provided by a single 
planetary overdrive arrangement. This arrangement per 
mits a very economical use of gearing to transmit the 
torque through the transmission. 
The forward and reverse valve controls both the Supply 

of fluid to the forward and reverse servo motors and the 
supply of lubricating and cooling fluid to the forward 
and reverse clutch plates. This valve supplies the lubri 
cating oil and cooling oil only during the time when the 
clutch plates are moving into engagement and discon 
tinues the supply as soon as the clutch plates are Sub 
stantially fully engaged. In addition, the valve is un 
balanced so that the fluid pressure acting upon the piston 
of the servo motor to engage the ground clutch also acts 
upon an unbalanced area of the valve so that the operator 
may feel a force tending to resist movement of the valve 
which reflects and is a measure of the force acting upon 
the clutch plates during engagement of the ground clutch 
to effect either forward or reverse drive. 
The valve is provided with suitable lands so that when 

the valve reaches either the terminal forward or reverse 
position and the servo motor is normally completely actu 
ated to fully engage the clutch, the valve closes the pas 
sage permitting the fluid in the servo motors to reach the 
unbalanced area of the valve and simultaneously vents 
the fluid acting upon the unbalanced area of the valve. 
Since there is no force tending to return the valve from 
the terminal forward or reverse position to the neutral 
position, the operator may leave the valve at rest in either 
the forward or reverse position. 
A push start and scavenge pump control arrangement 

is provided by a push start and scavenge pump control 
valve which may be positioned to connect a pump driven 
by the rear wheels to scavenge a gear box for the final 
drive or other mechanism employed in conjunction with 
the transmission and to deliver this oil to the transmis 
sion sump. If it is desired to obtain operating fluid for 
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the transmission controls during a push start, the valve 
is moved so that oil is pumped from the transmission 
sump and is delivered through a check valve to the trans 
mission controls, the forward and reverse selector valve 
and the three-speed selector valve. 
The transmission may also be provided with a hollow 

or sleeve output shaft so that two concentric power take 
off shafts may be employed. One is connected to the out 
put shaft of the forward and reverse planetary gear set 
to provide a converter drive at a reduced ratio in either 
a forward or reverse direction. The other power take 
off shaft is connected directly to the converter to provide 
an engine drive directly through the converter. If solid 
power take-off shafts are employed, they may be installed 
individually when either type of drive is required. 
A transmission may also be provided having a hydro 

dynamic torque converter driving a two ratio forward 
and reverse gear set in combination with the three ratio 
gear set and a final drive two ratio unit. In a transmis 
sion of this type, six speeds in both forward and reverse 
may be provided. 
An object of the invention is to provide in a transmis 

sion a two ratio forward and reverse planetary gear Set 
providing a forward and reverse reduction drive and 
a three ratio planetary gear driven by said forward and 
reverse planetary gear set wherein the three ratio planetary 
gear provides a one-to-one direct drive for the low range, 
a dual planetary overdrive for the intermediate range and 
a single planetary high overdrive for the high range. 
Another object of the invention is to provide a control 

system for a multiple ratio gear set having friction devices 
to complete various ratios, a control valve providing cool 
ing oil during initial stages of clutch engagement and 
blocking the flow of cooling oil when the clutch is fully 
engged. 

Another object of the invention is to provide in a hy 
draulic control system for controlling a Servo motor, a 
valve having an unbalanced area which is responsive to 
the pressure in the servo motor whereby the valve resists 
movement during the initial actuation of the servo motor 
until the valve reaches a terminal position where flow 
to the unbalanced area of the valve is terminated and the 
fluid acting on the unbalanced area is vented to exhaust 
so that the valve will remain in the engaged position. 
Another object of the invention is to provide a push 

start control system where one position of the push start 
and scavenger pump control valve, the push Start pump 
driven by the vehicle road wheels, takes oil from the 
transmission sump and delivers it through a check valve 
to the transmission control system and the other position 
of the push start and scavenger pump valve, the pump 
takes oil from the gear sump and returns it to the trans 
mission sump. 

Another object of the invention is to provide in a multi 
ple speed transmission having an output sleeve shaft, a 
first power take-off shaft located in said output sleeve 
shaft driven by the hydrodynamic torque converter and 
the forward and reverse reduction gearing through an 
intermediate sleeve shaft and a second power take-off 
shaft located in said output sleeve shaft driven by the 
hydrodynamic torque converter output shaft. 
Another object of the invention is to provide a trans 

mission drive employing a torque converter connected to 
drive a forward and reverse planetary gear unit which in 
turn drives a three ratio planetary gear unit and a two 
ratio planetary gear unit to provide six speeds in forward 
Or reverse. 

These and other objects of the invention will be more 
apparent from the following description and drawing of 
the preferred embodiments of the invention. 
FIG. 1 is a diagrammatic view showing the transmission 
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held in a retractive position by the annular disk spring 
i88 which is Suitably positioned by a snap ring on shaft 
5. The high clutch servo 97 is supplied with operat 

ing fluid by a line is passing through the rear partition 
112 through a transfer groove to the axial passage 213 
in the shaft 5. 
The transmission lubricating oil is supplied to the trans 

mission through the line S.5 which passes through the 
partition 35 via a transfer bearing to the axial passage 
116 in the shaft 2. One branch of the passage 116 
throws the oil radially outward to an annular groove 
17 located in the inner cylindrical surface of the carrier 

39. This groove is connected by the passage 188 in the 
shaft of carrier 39 from which the oil is transmitted to 
the bearings and planetary gears by Suitable radial pas 
sages. Another radial branch of passage 336 extends 
to the root of the gear teeth of sun gear 36 to lubricate 
the sun and pinion gears. The tube 2 bridges the gap 
between the oil passage S6 in the shaft 2 to the passage 
122 in the intermediate shaft 4 and between passage 
522 and the passage 23 in the output shaft 5. 
The tube 52 has a small aperture to pass a controlled 

amount of lubricating oil between the converter output 
shaft 2 and the intermediate shaft 41 in another radial 
aperture between the intermediate shaft 4 and output 
Shaft 15 to supply lubricant to the gearing. The pas 
Sage 23 has radial branch passages located adjacent 
the rear face of the sun gear 36 and both faces of sun 
gear 84 to Supply lubricant to the gearing. 
The converter housing 8 is rotably nounted and 

axially fixed to the ground sleeve 26 by thrust bearing 
36 and rotatably and axially movably mounted in hous 
ing 36 by bearing 27 to permit movement due to ex 
pansicn cf the housing. Shaft 2, is Totatably mounted 
and axially fixed in input shaft if by thrust bearing 28. 
The intermediate shaft 42 is rotatably supported and 
axially located by thrust bearing 42 and rotatably Sup 
ported by bearing 4. Since straight planetary gearing 
is used, the ring gears 43 and 48 are centered on the 
pinions and axially located by engaging the housing pro 
jections 7 and 73 and the abutment 60. The output 
shaft 15 is rotatably and axially located by thrust bear 
ing 15 in the housing and rotatably mounted in pilot 
bearing 7 permitting axial movement relative to shaft 
4i. The axial movement between shafts 2, 4 and i5 
is thus accommodated in the gearing. Ring gear 8; and 
attached carrier 82 are centered on pinions 79 and sun 
84 and are axially located by the abutment 89 and pro 
jection 90. Ring gear 85 is centered on pinions 83 and 
axially located by abutment 89 and shoulder 93 on car 
rier 32. 

Cointrol system 
The oil for actuating and lubricating the transmission 

is drawn from the transmission sump 27 into a conven 
tional sump strainer 23 and via line 129 to the pump 
130. The pump supplies oil via line 32 to the filter 
E33 which is connected to the main pressure line 34. 
A suitable by-pass check valve 35 connects the ines 
32, 134 to provide a by-pass around the filter 33. The 
main pressure regulator valve 39 is located in a suitable 
bore 14 and held in closed position by spring 45 to 
block fluid flowing from the main line 134 to the con 
verter feed line E43. When the main line 34 reaches 
the regulated pressure, it will enter at port 38 and move 
the valve 3s and compress spring i45 to open the port 
142 to the converter feed line E43. When the converter 
is filled and the pressure line i34 continues to rise, valve 
$39 moves further to the right and apertures 44 in the 
valve 39 are aligned with branch line E32 to connect the 
pump outlet line 32 through apertures 144 of valve 35 
to the Sump via the exhaust port 45. The converter 
outlet line 47 passes through the cooler E43 to the ju 
bricating oil line 3. The pressure in the lubricating 
line is limited by pressure regulator waive 49. 
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The forward and reverse gearing 13 is controlled by 

the forward and reverse valve 54 consisting of a valve 
member 156 having a large central land a and adjacent 
lands b and c and end lands d and e of reduced diameter, 
The large land a is located in a large diameter bore 57 
in vaive body 55 having an elongated port 58 adja 
cent one end connected to the forward clutch lubricating 
and cooling line 69. 
Another elongated port 59 is located adjacent the 

other end of the large bore 57 and is connected to the 
reverse clutch lubricating and cooling line 72. The lands 
b and d of valve 56 fit in a small diameter bore 63 
which has a port 164 located near bore 57 and connect 
ed to the line 65 for the front servo 56 and a port 165 
located beyond port 64 and connected to the main line 
134. The lands c and e slidably fit in the bore 169 hav 
ing the port 70 located near bore 57 and connected 
to the line 66 supplying the reverse servo and a port 
17i located beyond port 7 connected to main line 
:34. The valve 56 is operated by suitable linkage con 
nected to a control handle 72 which may be moved 
from the neutral position illustrated to either a forward 
or reverse position, indicated by F and R. 

Forward and reverse valve 
A modified forward and reverse valve 5 which is 

illustrated in FIG. 5 is similar to the forward and reverse 
valve 54 illustrated in FG. 1. The valve member 512 
is slidably mounted in a bore having end portions 513 
and 5:4 of equal diameter and a central portion 55 of 
larger diameter located in the valve body 516. The 
valve 512 has lands a and c at opposite ends which are 
slidably mounted in the bores 53 and 5:4. With the 
valve in the neutral position as illustrated, the land a 
closes the pump inlet port 59 and the land c cioses the 
pump inlet port 52i. A port 522 which is connected 
to the reverse clutch servo is located near the inner end 
of the bore 513. The triangularly shaped reverse clutch 
cooling port 523 is located in the large bore 5 i5 as clearly 
shown in FIG. 6. The annular port 526 located at the 
central end of the valve bore 514 is connected to the for 
ward clutch servo. The forward clutch cooling passage 
is connected to the triangular port 527 located at the left 
hand end of the large diameter valve bore 515. The 
valve member 512 also has a central piston 53; mounted 
on the land b and retained in position by split rings 532 
located at each side of the piston 53:. A detent mecha 
nism for resiliently holding the valve in forward, neutral 
or reverse is provided by the balls 533 and spring 536 
located in bores 534 in the valve housing 5ió and a series 
of three annular detent grooves 537 in the valve member 
512 between the lands b and c. The grooves 537 are posi 
tioned to correspond to the three valve positions for 
Ward, neutral and reverse. The springs 536 resilientiy 
urge the balls 533 in the grooves to resiliently retail the 
Valve in neutral or forward or reverse position. 

The three ratio transmission iocated in housing portion 
54 is controlled by a manual selector valve 576 having a 
valve member 277 located in a suitable bore 73 in body 
375. The valve 77 has a and a adjacent the controlled 
end and a land b at the other end and an intermediate 
portion of reduced diameter. The and b has adjacent 
its central portion three annular detent grooves which 
cooperate with the ball E73 which is resiliently urged 
into the grooves to provide a three position detent. The 
main line 34 is connected to the valve bore å få; at port 
i&i. The valve 577 has a central passage 82 exterd 
ing from the space between the lands a and b to the far 
end of land b. The passage 32 has suitable apertures 
in the reduced portion of valve 77 to receive fluid Sip 
plied by port 3i from main line S34. Passage 32 is 
closed at the end of land b by a suitable plug and has a 
connecting port portion 33 located in the surface of 
land b adjacent the end and beyond the detent recesses. 
The valve i77 is movable by a handie 134 connected to 
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the valve by means of a linkage to move the port 233 
into alignment with the port for line 93 to actuate the 
high clutch or to the port for line 81 to actuate the 
intermediate clutch or to the port for line A3 to actuate 
the low clutch. 
The push start and Scavenging selector valve 90 is o 

cated in a bore SE and actuated through a suitable link 
age by a hand control lever 92. The valve E96 is in the 
scavenging position as illustrated in F.G. 1. The waive 
E93 has lands a, b, c and d, with land a being adjacent 
the operating inkage or handle A92. The gear Sump 
E93 for the final drive or other transmission gearing has 
a Sump scavenging line 194 connected to the valve bore 
191 between the lands c and d but adjacent and d of 
valve 9). The push start and scavenging pump 95 has 
an intake line E96 connected to the valve between the 
lands c and d adjacent and c. The outlet 197 is coin 
nected to the valve between the lands a and d adjacent 
land b. The main feed line 93 is connected to the valve 
bore 9 between the lands a and b opposite the pump 
outlet line 397. The line 598 is connected to the main 
line through a check valve A99. The transmission sump 
inlet line 23 is connected to the valve bore 9; between 
the lands a and b adjacent the land a. A transfer line 
282 connects the space between the lands a and b op 
posite line 265 to the space between the lands b and c. 
A modified transmission of this type is illustrated in 

FG. 2. The transmission housing 231 has a rear por 
tion 232 for the transmission gearing and a forward por 
tion 233 for the torque converter divided by partition 
234. The engine or converter input shaft 235 is ro 
tatably mounted by a sliding bearing 236 in housing 233 
and drives the converter housing 235. The impeller blades 
237 are fixed to the rear portion of the converter hous 
ing 236. The converter housing 236 also has a radially 
inwardiy extending portion 238 which is rotatably 
mounted by suitable thrust bearing 239 on a fixed or 
ground sleeve portion 24 of the transmission housing 
232. A gear 243 on portion 238 may be employed to 
drive the transmission pump and Suitable accessories or 
power take-off devices mounted on the transmission 
housing 233. The converter turbine blades 245 are 
mounted on a supporting disk 246 which is secured to 
the converter output shaft 247. The converter output 
shaft has a forward pilot bearing 248 which fits into a 
bore 249 at the rear end of the engine shaft 235. A 
first stator 2S6 is connected by a one-way clutch 25. 
to the ground sleeve 249 and a second stator 252 is also 
connected by a one-way clutch 253 to the ground 
sleeve 24.C. 
The converter output shaft 247 is rotatably mounted 

and axially located by the thrust bearing 256 located in 
the partition 234 between the converter housing 2.33 and 
the gearing housing 232. Adjacent bearing 256, a Sun 
gear 257 secured to the shaft 247 provides the input drive 
for the transmission gearing. The transmission casing 
232 has a central partition 26 which divides the hous 
ing's forward and reverse gearing portion from the three 
ratio gearing portion and provides a nourating for thrust 
bearing 265 which supports the forward and reverse gear 
output sleeve shaft 262. A pilot thrust bearing 267 io 
cated between the internal bore of intermediate shaft 
262, and a pilot extension on converter output shaft 24.7 
supports the forward end of the intermediate shaft. he 
forward carrier 263 mounted on the sleeve shaft 262 
carries the planetary pinions 265 which mesh with the 
sun gear 257 and the ring gear 265. The ring gear 265 
is connected to ground to effect a forward drive by the 
multiple plate ground clutch 263 which has alternate 
plates connected to the ring gear 266 and intermediate 
piates connected to the housing 232. The plates are ii 
gaged at one end by a fixed abutment 269 and at the 
other end by an annular surface on the piston of Servo 
motor 275 which is supplied with fluid under pressure 
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by the line 272. The clutch cooling fiuid is supplied 
through the line 273. 
The reverse drive carrier 276 is also in outed on the 
rward and reverse output sleeve shaft 262 and carries 
plurality of planetary pinions 277 which mesh with sun 
ar. 278 which is connected by an annular disk 235 with 
forward ring gear 2.66 and with the reverse ring gear 
The reverse ring gear 282 is braked by a multiple 

piate ciutch 283 having afternate plates attached to the 
ring gear 282 and intermediate plates attached to the 
housing 232. One end of the multiple plate clutch 283 
engages the fixed abutment 269 on the housing and the 
other end is actuated by the annular face of the piston 
of servo motor 234 which is supplied by fluid under pres 
sure by the line 285. The cooling fluid of the multiple 
piate clutch 233 is supplied by the line 286. The cool 
ing fluid lines 273 and 286 may terminate in an annular 
port to distribute the fluid circumferentially, Referring 
to FIG. 2 it will be seen that the partitions 234 and 260 
have portions adjacent the outlets of the cooling fluid 
passages 273 and 236 respectively to axially locate the 
ring gears. The forward servo 27; and the reverse servo 
234 are returned to disengage the clutches by an annular 
series of coil release springs 237. 
The forward and reverse output shaft 252 extends into 

the three ratio unit and drives the carrier 289 which has 
planetary pinions 295 meshing with a surn gear 292 on the 
output shaft 293 and a ring gear 294 on the carrier as 
sembly 295. The output side of the carrier 239 is Sup 
ported by a thrust bearing 293 on the output shaft 2.93. 
The carrier assembly 295 and the ring gear 294 may be 
stopped by the multiple plate ground clutch 301 having 
plates splined to the gear 2S4 and the housing 232. The 
plates are positioned between abutment portion 332 of 
the housing and a piston of the annular face of the piston 
of servo motor 33 which is supplied by fluid by the line 
34. The assembly 295 also has a carrier portion 306 
having a plurality of planetary pinions 387 mounted 
thereon. The pinions 387 mesh with Sun gear 3:1 
mounted on the output shaft 293 and ring gear 322 which 
is connected to the housing by multiple plate clutch 33. 
Alternate plates of the clutch are connected to the ring 
gear 352 and the housing 232 and the stack of plates are 
located between the fixed abutment portion 302 of the 
aousing and the annular face of the piston of servo motor 
34 which is supplied with fluid through line 3:5. The 
servo notors 353 and 35.4 are disengaged by the retrac 
tion SpringS 316 located in an annular series between the 
servo motors. The ring gear 322 is connected by an ex 
tension sleeve 32A to the low clutch 322 which is con 
nected to an annular clutch support member 323 which 
provides an annular cylinder 325 for the low clutch actu 
ating pision 326. An annular plate-type release spring 
327 is secured at its inner diameter to the shaft 293 by 
a snap ring and abuts at its outer diameter an extension 
portion of the piston 326. 
The lubricating oil supplied through a passage 33 ex 

tending through the housing partition 234 is connected by 
a Suitable transfer groove to the passage 332 extending 
through shaft 247 to the rear end. The oil then flows 
through passages 234 in the sleeve shaft 262 and the sun 
gear 278 to lubricate the reverse gearing. 
The rotating torque converter housing 236 is rotatably 

mounted and axially fixed by thrust bearing 239 to ground 
sleeve 243 and rotatably and axially slidably mounted at 
the front end by bearing 236 in the housing 233. Shaft 
247 is rotatably mounted and axially fixed by thrust bear 
ing 248 in bore 249. The bearing 256 rotatably sup 
ports the rear end of shaft 247. Intermediate shaft 262. 
is rotatably mounted and axially fixed by thrust bearing 
251 to the housing 232 and rotatably mounted for axial 
movement by pilot bearing 267 on shaft 247. Ring gears 
266 and 282 are centered on the pinions and axially lo 
cated by the adjacent projections on housing walls 234 
and 26. Sun gear 278 is axially located between carriers 
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263 and 276. Output shaft 293 is rotatably mounted and 
axially fixed by thrust bearing 290 to housing 232 and ro 
tatably mounted by bearing 298 on carrier portion 289 of 
intermediate shaft 262. As in FIG. 1, ring gears 294 and 
312 are centered on the pinions. Gear 294 is axially 
located by a projection on partition 260 and abutment 
302 and gear 322 is axially located by abutment 302 and 
a flange of carrier 396. 
The torque converter output shaft 247 has at its rear 

end an internally splined bore 337 into which may be in 
serted the splined end of the torque converter power take 
off shaft 333 partially shown in dot and dash lines. This 
shaft 338 may be easily replaced in the field by the for 
ward and reverse gear power take-off shaft 34 which is 
suitably splined at the end to engage the internal spline 342 
in the central portion of the forward and reverse gear out 
put sleeve shaft 262. Both of the shafts 338 and 341 
extend out beyond the final drive shaft 293 where they are 
mounted in a bearing and drive a power take-off device. 
Thus two power take-off drives are provided; shaft 338 is 
driven directly by the torque converter and shaft 341 by 
the torque converter and the forward and reverse reduc 
tion gearing to provide direction of rotation desired. 
The power take-off mechanism which provides two 

power take-off shafts 341 and 338 which may be alter 
natively attached to the transmission drive as explained 
above, may be modified as illustrated in FIG. 3 to pro 
vide power take-off shafts 338’ and 341" which may be 
permanently assembled in the transmission. Since the 
transmission illustrated in FIG. 3 is substantially the 
same as the transmission iliustrated in FiG. 2, only the 
elements substantially directly associated with the power 
take-off shafts are illustrated. The torque converter out 
put shaft 247 is rotatably mounted in the transmission 
housing partition 234' and carries the sun gear 257 which 
meshes with the planetary pinions 265” of the forward 
planetary gear set as in the transmission illustrated in 
FIG. 2. The converter output shaft 247 has a splined 
connection 337 with the central power take-off shaft 
338. The intermediate output shaft 262 has attached 
thereto the driven carrier 27.6’ of the reverse planetary 
gear set and is rotatably mounted in a bearing 261 in he 
central partition 260' of the transmission housing. The 
output shaft 262 drives the input carrier 239 of the three 
speed transmission which functions in the same manner as 
explained above in connection with FIG. 2. The trans 
mission drive is similarly transmitted to the final output 
shaft 293'. A power take-off sleeve shaft 34’ is located 
between the central power take-off shaft 338' and the 
transmission output shaft 293', and is connected by the 
spline connection 342' to the intermediate output s] eve 
shaft 262'. The transmission output shaft 293' wil' ex 
tend beyond the rear wall of the transmission housing and 
drive a transmission output gear. The intermediate 
power take-off shaft 341' extends beyond the shaft 293 
and drives a power take-off gear or other suitable power 
take-off mechanism. The central shaft 338' extends be 
yond the intermediate power take-off shaft 341' and drives 
a suitable power take-off drive gear or other power take 
of mechanism. These power take-off shafts may be used 
at the same time or independently. 
The six ratio transmission illustrated in FIG. 4 is 

mounted in a housing 359 which has the torque con 
verter portion 352 having a forward wall 351 separated 
by a partition 353 from the forward and reverse gear 
portion 354. The forward and reverse gear portion 354 
is separated by a partition 355 from the three-ratio por 
tion 356 having a rear wall 357. The two-ratio gear 
housing 353, which has the forward wall 359 and a rear 
wall 360, is secured to the partition 357. The engine or 
converter input shaft 361 is rotatably mounted in bearing 
362 in the forward wall 35i of the transmission housing 
359 and is suitably connected by a flexible disk 363 to the 
converter housing 364 which carries the impeller blades 
365. The free-end 366 of the converter housing 364 is 
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mounted by suitable thrust bearing 367 on the ground 
sleeve 368 which is part of the housing partition 353. 
The gear 371 may also be affixed to the end 366 of con 
verter housing 364 to provide a drive for the transmission 
pumps, accessories or power take-off devices. The tur 
bine blades 376 are suitably mounted on a support 377 
which is secured to the converter output shaft 378. The 
first stator 381 and the second stator 382 are suitably 
mounted by means of one-way clutches 383 on the ground 
sleeve 368. The outer races 384 of the one-way clutches 
383 fit into an internal bore in the stators and are non 
rotatably secured by rivets 385 which fit in a hole drilled 
half in the stator and half in the outer race 384 and axial 
ly secured by the annular rings 386 located on both sides 
of each stator and secured in place by the rivets 385. 
The torque converter output shaft 378 is suitably 

mounted in the thrust bearing 379 on the converter hous 
ing and bearing 387 in the partition 353 and drives the 
sun gear 388 of the forward planetary gear set. The for 
ward planetary gear set consists of a plurality of pinions 
389 meshing with the sun gear 388 and a ring gear 391. 
The ring gear 391 is braked by a multiple plate clutch 
396 which is actuated by a servo motor 397 supplied 
with fluid through the line 398. The planetary pinions 
389 are mounted on a carrier 399 which is fixed to the 
forward and reverse output sleeve shaft 40 mounted in 
thrust bearing 402 located in partition 355. 
The reverse drive carrier 467 is also fixed in the output 

shaft 401. Planetary pinions 408 mounted on the reverse 
carrier 407 mesh with the sun gear 409 which is con 
nected by disk 41A with the ring gear 391 and also mesh 
with the ring gear 412. The reverse ring gear 412 is suit 
ably connected to ground by a multiple plate clutch 416 
which is actuated by the servo motor 417 which is Sup 
pied with fluid through the line 418. An annular series 
of common release springs 4:9 constantly urges both the 
forward and reverse servo motor pistons toward their re 
iease positions. 
The forward and reverse output shaft 461 drives the 

carrier 426 which is the input member of a three-speed 
gear unit. Planetary pinions 427 are mounted on the 
carrier 426 and mesh with sun gear 428 on the interme 
diate output shaft 429 and with ring gear 435 on the rotor 
assembly 432. The rotor assembly and ring gear 431 
may be stopped by the multiple plate clutch 438 which 
is actuated by the servo motor 439 which is supplied 
with fluid by line 448. The rotor assembly 432 also 
has a carrier 441 for the planetary pinions 442 which 
mesh with another sun gear 443 on the intermediate 
output shaft 429 and also mesh with ring gear 444. The 
ring gear 444 may be stopped by a multiple plate clutch 
45 which is actuated by servo motor 452 which is sup 
plied with fluid from the line 453. The springs 454 re 
lease both clutches 439 and 451. 
Low drive is effective through clutch 456 which con 

nects the ring gear 444 with the low drive support 457 
which is secured to the intermediate output shaft 429. 
The servo motor 453 rotating with output shaft 429 is 
located in the low drive support 457 and actuates clutch 
456. The Belleville reaction spring 459 urges the piston 
of servo motor 458 toward the clutch disengaged posi 
tion and fluid from line 466 engages the clutch. The 
intermediate output shaft 429 has a su in gear 466 located 
in the two-ratio unit housing 353. Sun gear 466 meshes 
with pinions 467 mounted on a carrier 468 connected in 
driving relation to the final output shaft 465. The inter 
mediate output shaft 429 has a pilot bearing extension 
475 extending into the bore in the end of final output 
shaft 469. The planetary pinions 467 also mesh with ring 
gear 474 which may be connected to ground by the 
ground clutch 476, which is actuated by servo motor 477. 
The servo motor 477 is actuated to engage the clutch by 
fluid from supply line 478. The clutch is disengaged by 
release of the fluid and the action of springs 479. The 
direct drive connection is supplied by the driving disk 
48 which is fixed to the intermediate shaft 429 and may 
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be connected by the clutch 432 to the ring gear 474. The 
clutch is located between the fixed abutment portion of 
the Support 481 and a piston of a servo motor 433. The 
piston engages the clutch plates to apply the clutch for 
direct drive when fluid is supplied under pressure by 
line 484. A pair of reversely positioned annular springs 
485 return the piston of servo motor 483 to the clutch 
disengaged position. It will be noted that the springs 
485 consist of an annular spring engaging the servo 
motor piston and a second annular spring having a 
Smaller differential diameter coined in the reverse direc 
tion engaging the first annular spring and anchored at its 
inner diameter to the intermediate drive shaft 429 by a 
split ring. 
The converter 352, the forward and reverse gearing 

unit 354, and the three speed gear unit 356 of the six 
Speed transmission shown in FIG. 4, are similar and have 
the same type of bearing mounting as the three speed 
transmission 231 described above. The added two speed 
unit 358 has a final drive shaft 469 rotatably mounted 
and axially fixed by thrust bearing 478 and rotatably 
Supported by pilot bearing 471. Ring gear 474 is axially 
located between flanges of carrier 468. 
The control mechanism for the six-ratio transmission 

35 illustrated in FIG. 4 is similar to the control illus 
trated in FIG. 1 with the exception that the six position 
valve 551 illustrated in FIG. 7 is substituted for the three 
position shift valve 77. The rotary valve 559 has a 
fixed plate 552 and a rotary valve member 553. The 
rotary valve member 553 has a flat apped surface en 
gaging the plate 552 to provide a seal around the ports 
in the valve member and plate. Suitable ports in the 
engaging faces of these members provide the proper con 
trol connections as will be explained below in connection 
with FIG. 8. The rotary valve member 553 is integrally 
connected to a shaft 554 which is suitably secured by a 
key 556 to the operating lever 557. The rotary valve 
member is held in position in contact with the fixed 
plate member 552 by means of a housing 558 having an 
annular cavity 559 providing a space for the valve mem 
ber 553. The housing 558 also has a central opening 
561 for the adjustable seat 562 which supports the thrust 
bearing 563 that rotatably holds the valve member 553 
in firm contact with the fixed plate 552. Adjustable 
member 562 also carries a seal 564 to prevent leakage 
from the valve cavity 559. A seal 566 may also be pro 
vided between the adjustable member 562 and the hous 
ing 558 to seal the threaded connection between these 
members. A pointer 567 may also be attached to the 
control shaft 554 to indicate the ratio setting of the 
valve. 
The neutral stop pin 571 and the sixth ratio stop pin 

572 are fixed in the plate 552 and project into a recess 
573 extending about a portion of the periphery of the 
movable valve member 553. Immediately above the re 
cess 573, the member 553 has a series of indentations 
574 shown in dot and dash lines at the right in FIG. 8 
and labeled "N' and through 6 inclusive. When the 
ball detent 575 is resiliently urged into engagement with 
the recesses "N' by a spring 576, the transmission is in 
neutral, and when the ball is in the other recesses 1 
through 6 inclusive, the transmission is in the corre 
sponding transmission speed ratios. The fluid supply 
from the main pumps which is controlled by the pressure 
regulator valve is supplied to three ports 581, S32, 583. 
These ports are located symmetrically and equally spaced 
about the perimeter of the valve plate 532 and two of 
these ports 58 and 582 are located at opposite ends of 
the recess 573 when the valve is in the neutral position. 
A port 586 located radially inwardly of the inlet port 
58, is connected to the low clutch C3 Such as clutch 
456 in FIG. 4. The port 587 located radially outside 
of the inlet port 581. is connected to the intermediate 
clutch C5 such as clutch 451 in FIG. 4. The port 588 is 
located radially inwardly of the inlet port 582 and is 
connected to the high clutch C4 such as clutch 433 in 
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F.G. 4. The port 593 located radially outwardly of the 
inlet port 583 is connected to underdrive clutch C6 Such 
as chutch 476 in FIG. 4 while the port 592 iocated radi 
ally inwardly of the inlet port 533 is connected to the 
direct drive clutch C7 Such as clutch 432 in FHG. 4. A 
plurality of relief channels 593 are located on each side 
of the ports in each of the three groups. Each of these 
relief or drain channels is connected to the central cham 
ber 594 which drains through one of the channels 593 
to the outlet 595. The valve may be rotated to the 
positions indicated to connect fuid under pressure to the 
clutches marked 'X' in the table below. 

With the rotary valve member 353 in the neutral posi 
tion illustrated in FIG. 8 it will be seen that the inlet ports 
585 and 582 and 583 are closed and that each of the 
clutch ports is connected to exhaust. Port 585 is ex 
hausted via recess 598, port 587 via recess 573, port 588 
via recess 599, port 59É via recess 609É, and port 592 via 
recess 662. When the valve is shifted to the first speed 
ratio position so that the detent of the ball 515 fits the 
No. 8 recess and is in the first speed ratio position, the 
inlet port 581 is connected by transfer port 604 to port 
587 to supply clutch C5 and inlet port 583 is connected by 
transfer port 606 to port 592 to supply clutch C7 while 
inlet port 582 is closed. The ports 586, 588, 59E are 
respectively vented by recesses 593 and 599 and 69. In 
the Second speed ratio position, inlet port 582 is con 
nected by the transfer port GC7 to port 588 to supply 
clutch C4 and inlet port 583 is connected by transfer port 
698 to supply port 592 and clutch C7 while inlet port 582 
is blocked. In the second speed ratio position, the ports 
586, 587, and 59 are vented respectively by recesses 598, 
699 and 622. The third speed ratio position, the inlet 
port 583 is connected by transfer port 655 to the port 587 
for clutch C5 and inlet port 583 is connected by trans 
fer port 62 to port 591 for clutch CH while inlet port 
582 is closed. Ports 536, 538 and 592 are respectively 
vented by recess 598, 6.3 and 64. When the valve is in 
the fourth speed ratio position the inlet port 585 is con 
nected by transfer port 626 to port 586 for clutch C3 and 
the inlet port 583 is connected by transfer port 647 to port 
592 for clutch C7 while inlet pert 582 is closed. The ports 
587, 538 and 59A are in fifth ratio respectively ex 
hausted by recess 63, 6i3 and 6.9. When the valve is in 
the fifth Speed ratio position, inlet port 532 is connected 
by the transfer port 624 to the port 588 for clutch C4 and 
the inlet port 583 is connected by the transfer port 625 
to the port 59 for clutch C6 while inlet port 58:1 is 
closed. The other ports 586, 537 and 592 are respec 
tively vented by recesses 627, 618 and 599. In the sixth 
Speed ratio position inlet port 58: is connected by the 
transfer port 63 to the port 586 for clutch C3 and the 
inlet port 533 is connected by transfer port 632 to the 
port 597 for the clutch C6 while inlet port 582 is closed. 
Ports 587, 588, and 592 are exhausted respectively via 
recesses 6:8, 593 and 599. 

Operation 
The engine (not shown) drives the converter input 

shaft AE and the rotatable housing 13 of the torque con 
verter E2 illustrated in FEG. 1. The torque converter 
pump vanes 9 rotate with the housing 58 and transmit 
energy to the fluid to hydro-dynamically drive the turbine 
vanes 25 which are connected by a turbine runner to the 
converter output shaft 25. A Sun gear 36 mounted 
on the converter output shaft. 2A is the driving member of 
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the forward and reverse compound planetary gear set in 
housing 13. The forward reduction drive is effected by 
engaging the forward clutch 55 to stop the reaction ring 
gear 46. The sun gear 36 then drives the planetary 
pinions 38 which react against the ring gear 46 so that 
the pinions and the carrier 39 on which they are mount 
ed drive the intermediate transmission shaft 41 provid 
ing the forward reduction drive. The reverse drive is pro 
vided by engaging the clutch 58 which stops the reaction 
ring gear 48. Since the ring gear 48 meshes with plane 
tary pinions 47 which in turn mesh with planetary pinions 
38 which in turn mesh with sun gear 36, the drive from 
the sun gear 36 forces the dual planetary pinion assembly 
38, 47 and its carrier 39 to rotate the intermediate trans 
mission shaft 41 in the reverse direction and at a reduced 
Speed. 
The intermediate transmission shaft 43 provides the 

input for the three ratio compound planetary gear in hous 
ing 4 and drives an input carrier 78 mounted on the 
planetary pinions 79 of the high planetary gear set. The 
high planetary gear set has a driven Sun gear 80 on the 
output shaft 15 and a reaction ring gear 85 which may 
be stopped by the high clutch SS. When the high clutch 
91 holds the ring gear 81, the intermediate transmission 
shaft 41 drives, through the carrier and pinions of the 
high planetary gear set, the output shaft 5 in overdrive. 

In the intermediate ratio, a compound planetary gear 
Set consisting of the above described high ratio planetary 
gear set and a second planetary gear set consisting of 
pinions 83 mounted on a carrier element 93 connected 
to the ring gear 8i, a Sun gear 84 constituting a driven 
member fixed on the output shaft 5, and a ring gear 35 
constituting the reaction member. When the intermediate 
clutch 99 is engaged to stop the intermediate reaction ring 
gear 85, the drive from the intermediate transmission 
shaft 4i, drives the planetary pinions 79 of the high plane 
tary gear Set. This drive rotates the ring gear 8 and 
the planetary pinions 83 at a reduced speed compared to 
the speed of the input carrier 78 and thus the final output 
shaft 15 is rotated by the sun gear 84 at an intermediate 
overdrive speed. 
To provide low speed ratio, the clutch 34 is engaged 

which through the clutch support 36 connects the ring 
gear 85 to the output shaft 15. Since the ring gear 85 
and the driven Sun gear 84 are both fixed to the output 
shaft Ë5, the carrier 82 is fixed. The carrier 82 in tur 
fixes the ring gear 8 to the output shaft E5. Thus the 
compound planetary gear Set is locked up and provides 
a direct drive connection between the intermediate trans 
mission shaft 4; and the final drive shaft 5. 

This combination of gearing including a reduction for 
ward and reverse gear and the three speed ratio gear hav 
ing one-to-one direct drive and two overdrive ratios pro 
vide the most economical use of gearing. In the low 
ratio where the gearing must have the maximum torque 
capacity, the three ratio compound planetary gear unit is 
in one-to-one ratio or locked up so that all the elements 
transmit torque. In the intermediate ratio where the 
torque load on the gearing is less than in low ratio but 
greater than in high ratio, the torque load is transmitted 
by both planetary gear sets including the pinions 79 and 
83. Then in high ratio, the lightest torque loads are 
transmitted through the single planetary gear set having 
the pinions 79. The low torque requirements of the high 
ratio are transfinitted by the high planetary gear set hav 
ing pinions 73. The medium torque requirements of the 
intermediate ratio are transmitted by the high and in 
termediate gear sets by pinions 79 and pinions 83 so that 
intermediate pinions 33 need only transmit the addi 
tional torque required in internediate ratio. The maxi 
mum torque requirements of low ratio are transmitted 
by the low and intermediate gear sets and the high clutch 
E64, which in locked up or direct drive condition can 
transmit more torque. It will aiso be noted that the for 
ward, reverse, high and intermediate clutches have sub 
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Stantially the same capacity requirements and thus may 
be made the same size. Only for the reverse clutch is an 
additional plate used. Thus the clutch plates and servos 
may be the same size. 
The hydraulic control system for actuating the trans 

mission is supplied with fluid from the transmission sump 
127. The pump 130 evacuates the oil from the Sump 
through the strainer 28 and delivers it through the filter 
i33 which is provided with suitable by-pass 35 to the 
main line 34. Main line 134 is connected to the port 
i38 at one end of the main line pressure regulator valve 
bore 40 to act on the end of valve member 39 and 
urge it to compress the spring 4 located in the other 
end of bore 140. The first increment of movement will 
connect the main line 34 through the port 133 to the 
converter feed line port 142. Further movement will 
align port 4-3 in the side wall valve E39 to permit fluid 
to flow from the pump outlet through line 32 through 
port 144 and the bore in valve member 39 to the ex 
haust port 45 to relieve the pressure in the main line 
34. The converter feed line 143 delivers oil at a re 
duced pressure to the converter between the pump 19 
and the stator 23. The fluid leaves the converter between 
turbine 2 and the stator 22 via line 47 which is con 
nected through the cooler 48 to the lubrication system 
line E5. The lubrication system is provided with suit 
able relief valve 49 to maintain a proper pressure level 
in the lubrication System. 
The forward and reverse control valve .54 controls 

the supply of fluid to the forward servo motor 56 and 
the reverse servo motor 59 to actuate the forward and 
reverse planetary gear set. The main line 134 supplies 
fluid to the valve ports i65 and 17 which are covered 
by valve stands d and e respectively when the valve is in 
the neutral position illustrated in F.G. 1. When the 
valve is moved toward the forward position, the inlet 
port 165 is uncovered permitting the fluid under pressure 
to flow through port 64 and lines 65 to the forward 
servo S6 and through port 58 to the forward clutch 
lubricating and cooling passage 69. During the initial 
movement of the valve, the inlet port 65 is opened wide 
and since the port E53 and line 69 for the clutch cooling 
oil is larger, a large volume of cooling oil is transmitted 
to the clutch. Due to the large flow of cooling oil, the 
pressure in the servo supply line 65 does not build up 
rapidly. As the valve 356 is moved further toward the 
forward position, the land a gradually closes the elon 
gated slot-shaped port 558 and gradually decreases the 
flow to the cooling line 59 and thus diverts the flow to 
the servo line 65 and gradually builds up the pressure in 
the servo 56. While the valve 56 is being moved from 
the îneutral to the forward position, the fluid in iarge di 
atheter bore 57 and bore 63 between lands b and a acts 
upon the larger area of the and a to urge the valve 
toward the neutral position. Thus the fluid force acting 
through line 65 upon the forward servo motor 56 also 
acts upon the valve and may be felt by the operator at 
the handle 172. Thus the operator may feel when he 
moves the handle 172 a force proportional to the force 
acting on servo motor 56 to engage the forward clutch 
53. When the land a fully closes port 58 the cooling 
oil flow is completely stopped and the full line pressure 
is applied via line 65 to the forward servo 56. Sub 
stantially at the same time that the cooling port 58 is 
closed, the land b enters the bore 63 to stop flow from 
the inlet port 65 and bore 63 to the large diameter 
bore 57 where it would act upon the land a. Since the 
pressure in die 55 now acts upon balanced lands d and 
b, the valve is at rest or balanced in the forward position 
Without any force tending to return it to the neutral 
position. 
Movement of the valve 56 from the neutral position 

to the reverse position permits flow of the fluid from the 
main line 34 and port 7 through port 179 to the re 
verse servo line 66 and through the port 159 to the 
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reverse clutch cooling line 72. Continued movement re 
duces the cooling oil flow and increases the pressure in 
the clutch servo 59. The final movement closes the cool 
ing oil passage and simultaneously, or shortly before or 
after, closes bore 169 when land c enters bore 69 to 
block the flow of oil from the inlet port i71 to the land a 
which had tended to return the valve to the neutral posi 
tion. During movement from the neutral position to 
the reverse position, the fluid pressure in line 66 acting on 
the reverse servo 59 also acts upon the unbalanced area 
of land a and tends to return the valve to the neutral 
position. Thus the operator feels when grasping handle 
72 a force proportional to the clutch engaging force of 
reverse servo 59. 
There is a clearance of approximately .005 inch be 

tween the land a and the bore 157 so that after the valve 
has reached the forward position or the reverse position, 
and either the lands b or c block the flow of oil to act 
on the unbalanced area of the land a, that the oil which 
is then entrapped against the face of land a and the end 
portion of the bore 157 will be vented through the .005 
inch clearance past the land a and through the other cool 
ing line to the sump. This permits the valve 156 to be 
fully at rest or balanced in the forward or reverse posi 
tion. In a forward shift for example, when the land b 
has closed bore 163 and the land a has closed port 58 
there is a body of fluid trapped between the end of bore 
i57 and land a provides a dashpot action and slows 
further movement of the valve but permits slow move 
ment as the fluid escapes through the .005 inch clearance 
between land a and bore 157. A similar dash pot action 
occurs during a reverse shift. 
The modified forward and reverse valve illustrated in 

FIGS. 5 and 6, functions in a manner similar to that de 
scribed above in connection with valve 154 illustrated in 
FIG. 1 but has a detent and directly proportional feel. 
Thus when this valve is moved from neutral toward the 
forward position, the detent ball 533 resists the initial 
movement, then the main line port 521 is opened to the 
small bore 514 and the large bore 515 where the main 
line pressure flows through the port 526 to the forward 
clutch servo and through the port 527 to the forward 
clutch cooling line. During this phase of the operation, 
the fluid and pressure in the forward servo motor also 
acts in the space between the land c and piston 531. 
Since the piston 53; is larger, there is an unbalanced 
force tending to return the valve toward the neutral posi 
tion. As the large land 53 moves toward the forward 
position, it gradually closes port 527. The port 527, il 
lustrated in Fig. 6, has a triangular shape with rounded 
apexes. Piston 53 first covers the wide base portion and 
this during the initial increment of movement closes a 
large portion of the area of passage 527. Further in 
crements of movement close lesser portions of the area 
of the port 527 until the port is completely closed. Be 
fore the port is completely closed, land b enters bore 
54 and blocks the flow from the inlet port 521 to the 
large bore 535. During the short interval that port 527 
is opened, after land b enters bore 514, the fluid acting 
on the unbalanced area of land 531 is relieved through 
port 527. Thereafter when the land b is in bore 554. 
and port 527 is closed, a clearance of .005 inch between 
the piston 531 and the bore 515 permits the fluid trapped 
between the land b and the piston 533 and the bore 515 
to escape. Thus the main line pressure 521 is blocked 
from entering bore 515 and acting on piston 531 and the 
fluid that was acting on piston 531 is relieved through 
the clearance. The force tending to return the valve to 
the neutral position is relieved and the valve will come 
to rest with the detent ball 533 resting in the right hand 
groove 537 to hold the valve in the forward position 
against shock or accidental displacement. 

During disengagement of the forward clutch, the valve 
512 is moved from the detent forward position toward 
neutral. After the detent bail:533 is dislodged from the 
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6 
groove, the piston or land 532 uncovers port 527 and 
then land b moves out of bore 524 to permit main line 
pressure from port 52 and the forward clutch servo 
pressure from port 526 to be connected via bores 5?4 
and 525 to port 527 to cool the clutch and act on the un 
balanced area of piston 531. The diversion of main line 
pressure to the cooling line, reduces the pressure in bores 
553 and 515, and thus the unbalanced pressure force on 
piston 533 and the pressure force acting on forward 
servo motor at the same time. Thus as the valve moves 
toward neutral the pressure on the servo motor gradually 
decreases and when the valve reaches the neutral detent 
position, the main line port 52i is closed. 
The reverse shift is made in the same manner, the valve 

on leaving the neutral detent position opens main line port 
529 to the space between land a and piston 531 to supply 
port 522 for the reverse servo and port 523 for reverse 
servo cooling. As best shown in FIG. 6, the piston 531 
enclosing port 523 first closes or covers a large area at 
the base of the triangular port. Thereafter the same 
linear increment of movement of the valve closes a re 
duced area. This construction provides a straight line 
pressure increase in the servo motor proportional to the 
linear movement of the valve. Then land b blocks bore 
53 to eliminate the unbalanced force and when port 523 
is closed there is a hydraulic stop or dashpot effect due 
to fluid trapped in bore 525 which is quickly relieved by 
the clearance around the piston 531 as the valve rests in 
reverse detent position and is hydraulically balanced. 
The three speed planetary unit of FIG. 1 is controlled 

by the selector valve 76 which directs the fluid from the 
main line via port 85 to either the high clutch servo line 
93, the intermediate clutch servo line 01 or the low 
clutch servo line 12 to effect high, intermediate and low 
ranges respectively. 
The push start and scavenge pump control valve 190 is 

illustrated in F.G. 1 in the scavenging position (S) where 
pump 95 draws oil from the gear sump i93 through line 
194 and between lands c and d of valve 190 and through 
line 196 to the pump 95. Fluid is then discharged via 
line 97 and between the lands a and b of valve 190 to 
the line 20, which delivers the oil to the main transmis 
sion sump 127. Though the line 198 is opened through 
the check valve 199 to the main pressure line 134, the fluid 
does not flow through this line since the high pressure in 
the main line 134 holds check valve 199 closed against 
the low pressure in lines 282 and 98. This pressure in 
lines E 93 and 20, is low because the fluid flows freely 
into the transmission sump 127. If a push start is de 
sired, the valve 59G is moved by the control 192 to the 
push start position (PS) then the transmission Sump 127 
is connected via the line 20 across the valve 90 be 
tween the lands a and b to line 262 and then between 
lands c and d to the line 196 to the pump inlet 195. Then 
the pump 95 delivers the oil through outlet 197 and be 
tween the lands b and c to the line 598 which delivers 
the oil through the one-way check valve $9 to the main 
line E34. Thus when the vehicle is pushed and the valve 
29) is in the push start position, the pump 95 driven by 
the rear wheels of the vehicle will supply oil from the 
transmission sump directly to the main line through check 
valve 39. 

In the modified form of the transmission illustrated in 
FIG. 2, the converter input shaft 235 again drives the 
rotary converter housing 236 and the converter pump 
237. The power is transmitted hydraulically to the tur 
bine 245 of the converter which is mounted on the con 
verter output shaft 247. The sun gear 257 of the forward 
and reverse planetary gear set is mounted on the converter 
output shaft 247. The driven intermediate shaft 262 
carries the driven carrier and planetary pinions 265 which 
mesh with the driving sun gear and the reaction ring 
gear 266. When the forward clutch 263 is actuated to 
stop the reaction ring gear 265, the converter output shaft 
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247 drives the intermediate shaft 262 at a reduced forward 
speed. 

For reverse drive, a compound planetary gear arrange 
ment is employed having the same input Sun gear 257 
and output planetary pinions 265 mounted on carrier 263 
fixed to the intermediate output shaft 262 and planetary 
pinions 277 mounted on carrier 276 fixed to the intermedi 
ate output shaft 262. In reverse the ring gear 266 of 
the forward planetary gear set is free and is connected 
to drive the sun gear 278 to the reverse planetary gear 
set. Thus when the ring gear 282 is held by clutch 283 
to drive the shaft 247, the converter output torque is 
transmitted by shaft 2.47 and Sun gear 257 to the com: 
pound planetary gear unit to reversely rotate intermediate 
shaft 262 at a reduced speed. 
The intermediate shaft 262 drives the carrier 289 of the 

three speed ratio planetary gear set which is of the type 
shown in FIG. 1. When the clutch 301 is engaged to 
lock the ring gear 294 which provides the reaction mem 
ber of high speed planetary gear set, the output Sun gear 
292 and output shaft 293 are driven in high overdrive 
ratio to provide high speed. Intermediate speed is pro 
vided by engaging clutch 3:3 to hold reaction ring gear 
3:2 of this compound planetary gear. Since the carrier 
306 and the planetary pinions 397 are driven at a reduced 
speed by the high ratio planetary gear set and the inter 
mediate shaft, the pinions react against fixed ring gear 
332 and drive the sun gear 311 mounted on the output 
shaft 293 at intermediate speed. The low ratio is pro 
vided by clutch 322 which locks the reaction ring gear 
3:2 to rotate with the shaft 293 and thus locks the com 
pound planetary gear set to provide a direct drive between 
the intermediate shaft 262 and the final drive shaft 293. 

In this transmission, the final drive shaft 293 and the 
intermediate drive shaft 262 are sleeve shafts. The inter 
mediate drive shaft 262 has splines 342 provided in its 
internal bore to drive a splined power take-off shaft 34 
from the engine through the torque converter and the 
forward and reverse reduction drive. Another power take 
off shaft may also be inserted and connected by suitable 
splines 337 to the converter output shaft 247 to provide 
a drive through the torque converter. FIG. 3 shows a 
modification where the power take-off shaft 34i is also 
a sleeve shaft so that the two power take-off shafts and 
the one 34 connected to the forward and reverse inter 
mediate sleeve shaft 362' and the other 338' connected 
to the converter output shaft 247 may be simultaneously 
mounted in the transmission. ?????? 
The controls for the transmission 23 may be the same 

ag si own in F{G. 1. 
in another modified transmission illustrated in F.G. 4, 

the engine drive is connected to the torque converter 
input shaft 361 which drives through a flex plate 363 the 
pump vanes 365 on the rotary torque converter housing 
364. The turbine 375 is hydrokinetically driven and 
drives the torque converter output shaft 378. The 
torque converter output shaft 378 drives the input sun 
gear 388 of the compound forward and reverse planetary 
gear set which operates similar to the forward and 
reverse planetary gear set illustrated in FIG. 2. When 
the servo motor 397 engages the clutch 396, the reaction 
gear 3s is stopped to provide a reduction forward drive 
from the input sun gear 388 through the planetary pin 
ions 389 and carrier 399 to the intermediate output shaft 
40i. Reverse drive is effected by engaging clutch 416 
by means of servo motor 417 which stops the reverse 
reaction ring gear 412. Then the reverse drive provided 
by sun gear 409, which is driven by the ring gear of the 
forward planetary gear set, reversely drives the planetary 
pinions 468 to reversely rotate the carrier 487 on the in 
termediate output shaft 40. 
The intermediate output shaft 488 drives the carrier 

for the planetary pinions 427 of the high ratio planetary 
gear set of the three speed planetary transmission. The 
engagement of clutch 438 stops reaction ring gear 431 so 

10 

H5 

25 

30 

35 

40 

45 

55 

60 

65 

70 

75 

that the drive is transmitted from the carrier 426 through 
the pinions 427 to the driven sun gear 428 on the output 
shaft 429. In intermediate gear the high planetary gear 
set drives the ring gear 432 and the carrier 441, at re 
duced speed. Thus when the intermediate clutch 451 is 
engaged to stop the intermediate reaction ring gear 444, 
the intermediate shaft 401 drives the final output shaft 
429 at intermediate speed. Engagement of the low 
clutch 456 causes the ring gear 444 to rotate at the same 
speed as the final drive shaft 429 and locks the com" 
pound planetary gear set to provide a direct drive be: 
tween the intermediate transmission 401 and the final 
drive shaft 429. This transmission has an additional two 
ratio unit so that a direct drive and an underdrive may 
be provided in each of the three ratios to provide a six 
ratio transmission. The output shaft 429 drives the Sun 
gear 466 and when the clutch 476 is engaged to hold 
the ring gear 474, this sun gear drives the planetary car 
rier 468 and final drive shaft 469 at a reduced Speed. 
When the clutch 482 is engaged, the ring gear 474 and 
sun gear 466 rotate in unison to provide a one-to-one 
direct drive from output shaft 429 to the final drive 
shaft 459. 
The controls for the transmission illustrated in FIG. 4 

are similar to the controls shown in FIG. 1. A forward 
and reverse valve, similar to valve 154 or valve 52 may 
be used to control the forward and reverse Servo Inotors 
397 and 417. The rotary six speed ratio control valve 
illustrated in FIGS. 7 and 8 is used in connection with 
the transmission illustrated in FIG. 4 and is substituted 
for the three speed reciprocating control valve 76 illus 
trated in FIG. 1. The transmission control valve 553 
is rotated consecutively through the six speed ratio posi 
tions by means of a control arm 557 and connects the 
ports as explained above to actuate the clutches as indi 
cated in the above table to effect six speeds in either for 
ward or reverse depending on the position of the for 
ward and reverse valve. 
The claims: 
1. In a device of the character described, first fluid 

pressure actuated motor means, second fluid pressure 
actuated motor means, a source of fluid under pressure, 
a first supply line connecting said source of fluid pres 
sure to said first motor means, a second supply line con 
necting said source of fluid pressure to said second motor 
means, valve means in said lines having a neutral posi 
tion in which both of said lines are blocked, said valve 
means connecting said first supply line to said first fluid 
pressure actuated means and continuing to block said 
second supply line during movement from said neutral 
position toward a second position, said valve having an 
unbalanced area, said fluid pressure actuating said first 
fluid pressure actuated motor means acting on said un 
balanced area of said valve to resist movement of said 
valve toward said second position, and said valve means 
directing said fluid to said first line for said first fluid 
actuating means and blocking said fluid from said un 
balanced area when the valve means is in said second 
position so that the valve is at rest in said second position. 

2. In a power transmission, the combination of a driv 
ing element and a driven element, drive means connect 
ing said driving and driven clements to provide a drive, 
friction means to effect said drive, fluid pressure actuated 
motor means to engage said friction means to provide 
said drive, a source of fluid under pressure, valve means, 
a Supply line connecting Said source of fluid pressure to 
said valve means, a motor line connecting said valve 
means to said motor means, a cooling line connected to 
conduct fluid from said valve means and exhaust fluid 
on said friction means to cool and lubricate said fric 
tion means, said valve means having a neutral position 
in which said supply line is blocked and said motor and 
cooling lines are open, said valve means connecting said 
Supply line to said motor line for said fluid pressure 
actuated motor means and gradually closing said cooling 
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line during movement from said neutral position toward 
a Second position, said valve having an unbalanced area, 
Said fluid pressure actuating said fluid pressure actuated 
motor means acting on said unbalanced area of said 
valve to resist movement of said valve toward said sec 
ond position, said valve means directing said fluid to said 
motor line and said fluid actuated motor means and 
blocking said fluid from said unbalanced area and said 
cooling line when the valve is in said second position so 
that the valve is at rest in said second position and the 
flow of cooling fluid is stopped. 
- 3. In a power transmission, the combination of a driv 
ing element and a driven element, multiple ratio drive 
means connecting said driving and driven elements, fric 
tion means to effect said ratios, first and second motor 
means operated by fluid pressure to engage first and 
Second friction means to provide a first and a second 
drive ratio, a source of fluid under pressure, valve means, 
a first Supply line connecting said source of fluid pres 
Sure to Said valve means, a first motor line connecting 
said valve means to said first motor means, a first cool 
ing line connected to conduct fluid from said valve means 
to exhaust on said first friction means, a second supply 
line connecting said source of fluid pressure to said valve 
means, a Second motor line connecting said valve means 
to Said Second motor means, a second cooling line con 
nected to conduct fluid from said valve means to exhaust 
on Said second friction means, said valve means having 
a neutral position in which both of said supply lines are 
blocked and said motor lines and said cooling lines open, 
Said valve means connecting said first supply line to said 
first motor line and continuing to block said second sup 
ply line and gradually closing said first cooling line dur 
ing movement from said neutral position toward a first 
position, said valve having an unbalanced area, said fluid 
pressure actuating said first motor means acting on said 
unbalanced area of said valve to resist movement of 
Said valve toward said first position, said valve means 
directing said fluid to said first motor line for said first 
motor means and blocking said fluid from said unbal 
anced area and said first cooling line when the valve 
is in said first position so that the valve is at rest in 
said first position and the flow of cooling fluid is stopped. 

4. In a power transmission, the combination of a driv 
ing element and a driven element, a multiple ratio gear 
drive means connecting said driving and driven elements 
and having a transmission sump for fluid, fluid pressure 
actuated means to provide a plurality of drive ratios, a 
pump providing a source of fluid under pressure con 
nected to Said transmission sump, control means con 
necting said source to said fluid pressure actuated means 
and being operable to control said fluid pressure actu 
ated means to provide said plurality of drive ratios, a 
second sump, a second pump continuously driven by 
said driven element, a check valve, and a push start and 
scavenge valve means connected to draw fluid from said 
second sump and deliver it to said transmission sump in 
the scavenging position and to draw the fluid from said 
transmission sump and deliver it through said check valve 
to said control means in the push start position. 

5. In a vehicle, the combination of a transmission hav 
ing a driving element and a driven element, a road con 
tacting vehicle propulsion element driven by said driven 
element, said transmission having a variable ratio drive 
means connecting said driving and driven elements, fluid 
actuated means completing the drive and a Sump, a pump 
connected to said sump and driven by said driving ele 
ment, control means connecting said pump to said fluid 
actuated means to supply fluid to complete the drive, a 
second sump, a second pump connected to said Second 
sump and positively connected to said propulsion elle 
ment, a check valve, valve means connected to draw 
fluid from said second sump and deliver fluid to said 
transmission sump in the scavenging position and to draw 
fluid from said transmission sump and deliver it through 
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said check valve to said control means in the push start 
position. 

6. In a control mechanism, a source of fluid under 
pressure, a fluid actuated mechanism, valve means in 
cluding a movable member connecting said source of 
fluid under pressure to said fluid actuated mechanism, 
said valve means having an unbalanced area and a vent, 
said valve having a closed position blocking flow from 
said source, said movable member of said valve on being 
moved from said closed position toward the open posi 
tion connecting said source to said fluid actuated mecha 
nism, to said unbalanced area and to said vent, said 
movable member on continued movement from said 
closed position to said open position gradually closing 
said vent to increase the pressure in said fluid actuated 
mechanism and on said unbalanced area and means in 
cluding said movable member operative on movement 
from said closed to said open position to disable the 
force of the fluid acting on said unbalanced area. 

7. In a control mechanism a source of fluid under 
pressure, a fluid actuated motor, a valve having a Sup 
ply port, a feed port and a vent port, a supply line con 
necting said source to said supply port of the Valve, 
a feed line connecting said feed port of the valve to 
said motor, said valve in the closed position blocking 
said supply port and having a space connecting said feed 
port and said vent port, said valve as it moves from the 
closed position toward the open position first opening 
said supply port and connecting said supply port to said 
feed and vent ports through said space in the valve and 
then gradually closing said vent port to increase the pres 
sure in said feed port and fluid actuated motor, said valve 
having an unbalanced area communicating with the pres 
sure at said feed port to resist movement of said valve 
toward said second position, and said valve having means 
blocking flow from said feed port to said unbalanced area 
as the valve reaches the second position to provide a 
dashpot. 

8. In a control mechanism, a source of fluid under 
pressure, a fluid actuated motor, a valve having a supply 
port, a feed port and a vent port, a supply line connect 
ing said source to said supply port of the valve, a feed 
line connecting said feed port of the valve to Said notor, 
said valve in the closed position blocking said supply 
port and having a space connecting said feed port and 
said vent port, said valve as it moves from the closed 
position toward the open position first opening said Sup 
ply port and connecting said supply port to said feed 
and vent ports through said space in the valve and then 
gradually closing said vent port to increase the pressure 
in said feed port and fluid actuated motor, said valve 
having an unbalanced area communicating with the pres 
sure at said feed port to resist movement of said valve 
toward said second position, said valve having means 
trapping a small volume of fluid as the valve reaches the 
second position to provide a dashpot, and said valve hav 
ing means to vent said last-named means to permit nov 
ing the valve to the second position. 

9. In a control mechanism, a source of fluid under 
pressure, a fluid actuated motor, a valve having a Supply 
port, a feed port and a vent port, a Supply line connecting 
said source to said supply port of the valve, a feed line 
connecting said feed port of the valve to said motor, 
said valve in the closed position blocking said Supply port 
and having a space connecting said feed port and said 
vent port, said valve as it moves from the closed posi 
tion toward the open position first opening said Supply 
port and connecting said supply port to said feed and 
vent ports through said space in the valve and then grad 
ually closing said vent port to increase the pressure in 
said feed port and fluid actuated motor, said valve having 
an unbalanced area communicating with the pressure at 
said feed port to resist movement of said valve toward said 
second position, said valve having means blocking flow 
from said feed port to said unbalanced area and trapping 
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a small volume of fluid as the valve reaches the second 
position to provide a dashpot, and said valve having 
means to vent said last-named means to permit moving 
the valve to the second position. 

10. In a control mechanism, a source of fluid under 
pressure, a fluid actuated motor, a valve including an 
element movable on a Surface having sequentially located 
in the path of movement of said valve element a supply 
port, a feed port and a triangular vent port with the apex 
of the triangle pointing toward the valve element in the 
closed position of the valve, said vent port having a sub 
stantially greater length along the path of movement of 
said valve element than said supply and feed ports, a 
supply line connecting said source to said supply port 
of the valve, a feed line connecting said feed port of the 
valve to said motor, said valve in the closed position 
blocking said Supply port and having a space connecting 
said feed port and said vent port, said valve as it moves 
from the closed position toward the open position first 
opening said supply port and connecting said supply 
port to said feed and vent ports through said space in 
the valve and then gradually closing said vent port start 
ing at the apex of said triangle to increase the pressure 
in said feed port and fluid actuated motor substantially 
directly proportional to the movement of said valve, and 
said valve having an unbalanced area communicating 
with the pressure at said feed port to resist movement of 
said valve toward said second position. 

11. In a control for a mechanism, a source of fluid 
under pressure, one fluid actuated motor to control a 
mechanism, another fluid actuated motor to control an 
other mechanism, a valve body having small end bores 
at opposite ends with a large central bore, a shoulder 
between said central large bore and each small end 
bore, said small bores having a supply port adjacent 
each end and a feed port adjacent each inner end near 
the large central bore, said large bore having a cooling 
port adjacent each end of Said large bore and near a 
feed port, a supply line connecting said source to said 
supply ports, a feed line connecting each feed port to 
one of said fluid motors, a cooling line to connect each 
of said cooling ports to the mechanism controlled by the 
adjacent feed line, a movable valve member having a 
pair of small end lands at opposite ends fitting in said 
small end bores, and a central land having end portions 
fitting the small bores and a large central portion having 
a loose fit in said large bore, said central land being 
spaced from said small lands by a portion of reduced 
diameter, said Small lands closing both supply ports in 
neutral, said valve when moved toward either apply posi 
tion first opening the supply port on that side to admit 
fluid to the space between said small end land and said 
central land so the fluid acts on the unbalanced area 
and flows to the adjacent feed port and cooling port while 
the supply port on the other side remains closed, further 
movement of the valve in the same direction gradually 
closes said cooling port and increases the pressure at the 
feed port so that the resistance to manual movement of 
the valve increases with increased force on the fluid 
actuated motor, said Small end portion of said central 
land entering and blocking said end bore and said large 
land portion closing said cooling port to prevent fluid 
venting through said cooling port as the valve reaches 
the apply position, said central land trapping fluid against 
said shoulder, said loose fit between said central large 
land and bore permitting said fluid to escape to relieve 
any fluid force acting on said unbalanced area. 

12. In a control for a mechanism, as defined in claim 
11, said portion of reduced diameter having three annular 
grooves, a detent member engaging said grooves to hold 
said valve in neutral or either apply position. 

13. In a control mechanism, a source of fluid under 
pressure, a fluid actuated motor, valve means in a first 
position connecting said fluid actuated motor to exhaust 
and movable to a second position connecting said source 
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to Said fluid actuated motor, and said valve having feel 
means including an unbalanced area acted on by fluid 
pressure connected to said fluid actuated motor to provide 
a feel force proportional to the actuating force of said 
fluid actuated motor operative during movement of said 
valve from said first to said second position to resist 
movement of said valve toward said secondi position, 
and means rendering Said feel means in operative during 
a portion of said movement from said first to said second 
position to permit said valve element to assume a posi 
tion of rest. 

14. In a variable speed transmission comprising, in 
combination, a drive shaft; a driven shaft; forward and 
reverse planetary gear sets including reaction control 
elements, an input member common to both said for 
Ward and reverse planetary gear sets, said input member 
being connected to said drive shaft, and an output mern 
ber for said forward and reverse gear sets; a plurality 
of planetary gear sets having drive sustaining elements 
and connected between the output member for said for 
Ward and reverse planetary gear sets and said driven 
shaft, said planetary gear sets adapted to coact for driv 
ing said driven shaft in a plurality of speeds both in 
the forward and reverse directions, a pair of brakes 
for selectively holding said control elements of said 
forward and reverse gear sets to drive said output mem 
ber in a forward or reverse direction; a plurality of 
friction devices selectively operative to engage said drive 
sustaining elements for said plurality of planetary gear 
sets to effect speed ratio changes, and pressure fuid 
operated means for operating said pair of brakes, a for 
ward and reverse selector valve for selectively control 
ling pressure fluid Supply to said pressure fluid operated 
means for operating said brakes, pressure fluid operated 
means for operating said plurality of friction devices 
and a ratio selector valve for selectively controlling pres 
Sure fluid supply to said pressure fluid operated means 
for said friction devices. 

15. A variable speed transmission comprising, in com 
bination, a drive shaft, a driven shaft, forward and re 
verse planetary gear sets including reaction control elle 
ments, an input member common to both said forward 
and reverse gear sets connected to said drive shaft, and 
an output member for said forward and reverse gear 
sets, a plurality of planetary gear sets having drive sus 
taining elements and connected between the output mem 
ber for said forward and reverse planetary gear sets and 
said driven shaft, said planetary gear sets adapted to 
coact for driving said driven shaft in a plurality of speeds 
both in forward and reverse directions, a pair of brakes 
for selectively holding said reaction control elements 
of said forward and reverse gear sets to drive said out 
put member in a forward or reverse direction, a plurality 
of friction devices selectively operative to engage said 
drive Sustaining elements of said plurality of planetary 
gear sets for effecting speed ratio changes, pressure fluid 
operated means for operating said pair of brakes, a for 
Ward and reverse selector valve for selectively control 
ling pressure fluid supply to said pressure fluid operated 
means for said brakes, pressure fluid operated means 
for operating said plurality of friction devices, a ratio 
selector valve for selectively controlling pressure fluid 
supply to said pressure fluid operated means for said 
friction devices, a source of fluid under pressure for 
operating said pressure fluid operated ineans for said 
brakes and said friction devices, and a pressure regula 
tor valve for controlling the pressure of fluid supplied 
by said pump means. 

16. In a power transmission, the combination of a 
driving element and a driven element, a multiple ratio 
drive means including friction means to establish each 
ratio connecting said driving and driven elements, a 
first fluid pressure actuated motor means providing a 
force proportional to the actuating pressure acting on 
one friction means to provide one drive ratio, a second 
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fluid pressure actuated motor means providing a force 
proportional to the actuating pressure acting on another 
friction means to provide another drive ratio, a Source 
of fluid under pressure, a first supply line connecting said 
source of fluid pressure to said first motor means, a Second 
supply line connecting said source of fluid pressure to 
said second motor means, valve means in Said lines hav 
ing a neutral position in which both of Said lines are 
blocked, said valve means connecting said first and Sec 
ond supply lines to supply actuating pressure to said 
first and second motor means respectively to provide 
said one or said other drive ratio and continuing to 
block said second and first supply lines respectively dur 
ing movement from said neutral position in opposite di 
rections toward a first or second position respectively, 
said valve having a first and a second unbalanced area, 
said fluid actuating pressure actuating said first and Sec 
ond motor means acting on said first and Second un 
balanced areas of said valve to resist movement of Said 
valve toward said first and second positions respectively 
during engagement of said one and another ratios to 
indicate the degree of actuation of said friction means, 
and said valve means directing said fluid to Said first 
and second supply line for said first and Second motor 
means and blocking said fluid from said first and Second 
unbalanced areas and venting said fluid contacting Said 
unbalanced area when the valve means is in Said first 
and second positions respectively so that the valve is at 
rest in said first and second positions when said one drive 
and said another drive are respectively substantially fully 
engaged. 

17. In a power transmission, the combination of a 
driving element and a driven element, a multiple ratio 
gear drive means including friction means to each ratio 
connecting said driving and driven elements, a first 
fluid pressure actuated motor means providing a force 
proportional to the actuating pressure acting on one 
friction means to provide one drive ratio, a Second fluid 
pressure actuated motor means providing a force pro 
portional to the actuating pressure acting on another 
friction means to provide another drive ratio, a Source 
of fluid under pressure, a first Supply line connecting 
said source of fluid pressure to said first motor means, 
a second supply line connecting said source of fluid pres 
sure to said second motor means, valve means in said 
lines having a neutral position in which both of Said 
lines are blocked, said valve means connecting said first 
line to supply actuating pressure to said fluid pressure 
actuated motor means and continuing to block said Sec 
ond supply line during movement from Said neutral posi 
tion toward a second position, said valve having an un 
balanced area, said fluid actuating pressure actuating said 
first fluid pressure actuated motor means acting on said 
unbalanced area of said valve to resist movement of Said 
valve toward said second position to indicate the degree 
of actuation of said friction means, said valve means 
directing said fluid to said first Supply line for said first 
fiuid actuated motor means and blocking said fluid from 
said unbalanced area and having a dashpot to resist fur 
ther movement when the valve means approaches said 
second position and said friction means is Substantially 
engaged so that the valve is at rest in and adjacent saidi 
second position, and said dashpot permitting movement 
to said second position. 

18. In a power transmission, the combination of a 
driving element and driven element, a drive means in 
cluding friction means to establish a drive connecting said 
driving and driven elements, a fluid pressure actuated 
motor means providing a force proportional to the actu 
ating pressure on said friction means to provide a drive, 
a source of fluid under pressure, a Supply line connecting 
said source of fluid pressure to supply actuating pressure 
to said motor means, valve means in said lines having a 
first position in which said supply line is blocked, said 
valve means connecting said supply line to Said motor 
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means during movement from said first position toward 
a second position, said valve having an unbalanced area, 
said actuating pressure actuating Said motor means act 
ing on said unbalanced area of Said valve to resist move 
ment of said valve toward said second position to a degree 
proportional to the force acting on said friction means, 
and said valve means directing said fluid fron said Supply 
line to said motor means and blocking said fluid actuating 
pressure from said unbalanced area when said valve 
means is in said second position so that said valve is at 
rest in said second position when said friction means is 
substantially fully engaged. 

19. In a control mechanism, a source of fluid under 
pressure, a fluid actuated motor, a valve having a supply 
port, a feed port and a vent port, a supply line connecting 
said source to said supply port, a feed line connecting said 
feed port to said motor, said valve in the closed position 
blocking said supply port and having passage means con 
necting said feed port and said vent port, said valve as 
it moves from the closed position toward the open position 
first opening said supply port and connecting said supply 
port to said feed and vent ports through said passage 
means in the valve and then gradually closing said vent 
port to increase the pressure in said feed line and fluid 
actuated motor, and said valve having feel means opera 
tive during movement of said valve from said closed to 
said open position to resist movement of said valve toward 
said open position and means rendering said feel means 
inoperative during a portion of said movement from said 
closed to said open position to permit said valve to assume 
a position of rest. 

20. In a control mechanism, a source of fluid under 
preSSure, a fluid actuated motor, valve means having a 
Supply port, a feed port and a vent port, said valve means 
including movable means movable from a closed to an 
open position, a supply line connecting said source to said 
Supply port, a feed line connecting said feed port to said 
motor, said valve means with said movable means in the 
closed position blocking said Supply port and connecting 
said feed port and said vent port, said movable means as it 
moves from the closed position toward the open position 
first opening said supply port and connecting said supply 
port to Said feed and vent ports and then gradually closing 
Said vent port to increase the pressure in said feed line 
and fluid actuated motor, and said movable means having 
feel means operatively connected to said motor and opera 
tive during movement of said movable means from said 
closed to said open position to resist movement of said 
movable means toward said open position with a force 
proportional to the force exterted by said motor and means 
rendering said feel means inoperative during a portion of 
said movement from Said closed to said open position to 
permit said movable means to assume a position of rest. 

21. In a control mechanism, a source of fluid under 
pressure, a fluid actuated motor, valve means having a 
?upply port, a feed port and a vent port, said valve means 
including movable means movable from a closed to an 
open position, a Supply line connecting said source to said 
Supply port, a feed line connecting said feed port to said 
motor, said valve means with said movable means in the 
closed position blocking said supply port and connecting 
said feed port and said vent port, said movable means as 
it moves from said closed position toward the open posi 
tion first opening said Supply port and connecting said 
Supply port to said feed and vent ports and then gradually 
closing said vent port to increase the pressure in said feed 
line and fluid actuated motor, and said movable means 
having feel means connected to said motor and actuated 
by fluid pressure from said motor and operative during 
movement of said movable means from said closed to said 
open position to resist movement of said movable means 
toward said open position with a force proportional to said 
fluid pressure in said feed line and means rendering said 
feel means inoperative during a portion of said movement 
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from said closed to said open position to permit said 
movable means to assume a position of rest. 

22. In a variable speed transmission comprising, in 
combination, a drive shaft; a driven shaft; forward and 
reverse planetary gear sets including reaction control ele 
ments, an input member common to both said forward 
and reverse planetary gear sets, said input member being 
connected to said drive shaft, and an output member for 
said forward and reverse gear sets; a plurality of planetary 
gear sets having drive sustaining elements and connected 
between the output member for said forward and reverse 
planetary gear sets and said driven shaft, said planetary 
gear sets adapted to coact for driving said driven shaft 
in a plurality of speeds both in the forward and reverse 
directions, a pair of brakes for selectively holding said 
control elements of said forward and reverse gear sets to 
drive said output member in a forward or reverse direc 
tion, a plurality of friction devices selectively operative to 
engage said drive sustaining elements for said plurality of 
planetary gear sets to effect speed ratio changes, and oper 
ated means for operating said pair of brakes, a forward 
and reverse selector for selectively controlling said oper 
ated means for operating said brakes, operated means for 
operating said plurality of friction devices and a ratio 
selector for selectively controlling said operated means for 
said friction devices. 

23. In a power transmission, the combination of a driv 
ing element, an intermediate element, and a driven elle 
ment, a forward and reverse planetary reduction gear 
drive connecting said driving element to said intermediate 
element including a forward reaction gear and a reverse 
reaction gear, means to hold said forward reaction gear 
stationary, means to hold said reverse reaction gear sta 
tionary, a multiple ratio planetary gear drive connecting 
said driving and driven elements and including: a plurality 
of planetary pinions mounted in a carrier driven by said 
driving element, a low ratio sun gear meshing with said 
pinions and mounted on said driven element, a high reac 
tion ring gear meshing with said planetary pinions, means 
to hold said high reaction ring gear stationary to provide 
high ratio, a second carrier having planetary pinions 
mounted thereon connected to rotate with said high reac 
tion ring gear, said second set of planetary pinions mesh 
ing with an intermediate sun gear on said driven element, 
and intermediate reaction ring gear meshing with said 
second planetary pinions, means to hold said intermediate 
reaction gear stationary to provide intermediate ratio, 
clutch means to connect said intermediate reaction ring 
gear and said driven element to provide low ratio, for 
ward and reverse control means operably connected to 
said means to hold said forward reaction gear and said 
reverse reaction gear for selectively actuating said means 
to hold said forward reaction gear stationary and said 
means to hold said reverse reaction gear stationary, and 
ratio control means operably connected to said means to 
hold said high reaction gear stationary, said means to hold 
said intermediate reaction gear stationary, and said clutch 
means for selectively actuating said means to hold said 
high reaction gear, said intermediate reaction gear and 
said clutch means. 
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24. In a control system for fluid motors, first fluid 

pressure actuated motor means, second fluid pressure 
actuated motor means, a source of fluid under pressure, a 
first supply line connecting said source of fluid pressure 
to said first motor means, a second supply line connect 
ing said source of fluid pressure to said second motor 
means, valve means in said lines having a neutral posi 
tion in which both of said lines are blocked, said valve 
means connecting said first and second supply lines to 
said first and second motor means and continuing to 
block said second and first supply lines during movement 
from said neutral position in opposite directions toward 
a first and second position respectively, said valve having 
a first and a second unbalanced area, said fluid pressure 
actuating said first and second motor means acting on 
said first and second unbalanced areas of said valve to 
resist movement of said valve toward said first and Sec 
ond positions respectively, and said valve means directing 
said fluid to said first and second supply line for said first 
and second motor means and blocking said fluid from 
said first and second unbalanced areas and venting said 
fluid contacting said unbalanced area when the valve 
means is in said first and second positions respectively so 
that the valve is at rest in said first and second positions. 

25. In a control system for fluid motors, first fluid 
pressure actuated motor means, a second fluid pressure 
actuated motor means, a source of fluid under pressure, a 
first supply line connecting said source of fluid pressure 
to said first motor means, a second supply line connecting 
said source of fluid pressure to said second motor means, 
valve means in said lines having a neutral position in 
which both of said lines are blocked, said valve means 
connecting said first line to said first fluid pressure actu 
ated motor means and continuing to block said second 
supply line during movement from said neutral position 
toward a second position, said valve having an unbal 
anced area, said fluid pressure actuating said first fluid 
pressure actuated motor means acting on said unbalanced 
area of said valve to resist movement of said valve to 
ward said second position, said valve means directing 
said fluid to said first line for said first fluid actuated 
motor means and blocking said fluid from said unbal 
anced area and having a dashpot to resist further move 
ment when the valve means approaches said second posi 
tion so that the valve is at rest in said second position, 
and said dashpot permitting movement to said second 
position, 
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